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SmTLCARY 



An investigation was conducted to coupare the 
strength and tightness of machine-coirater simk flush- 
riveted joints assembled "'vith NACA flush rivets and one 
type of conimercial flush rivet and also to co.npare the 
strength and tightness of counterpimched flush-riveted 
joints asser:]hled wibh the same types of rivet. The 
results of the investigation are presented in the form 
of load-displacement curve s^, which indicate that the 
NACA flush-riveted joints tended to be somewhat stronger 
and tighcer than the corresponding commercial flush- 
riveted Joints o The test results also shov/ that both 
the commercial and the ?IACA coionterpunched flush-rivet 
specimens had considerably greater strength than the 
m.achlne-'COuni:ersunk specimens of corresponding sheet 
thickness c 



INTRODUCTION 



The studies of tightness and flushness of machine- 
countersunk flush rivets for aircraft described in 
refer^nce.s 1 to 5 indicated that the jTACA flush-riveting 
procedure produced ohe tightest joints for the types of 
fl-jsh rlvotin:^ Investigated. As a result of this con- 
clusicn, an. inve sLigation was conducted to determine the 
comijrirati^^e tightness of machine- countersunk flush- 
riveted joints assembled v/ith NACA flush rivets and 
commorcial flush ri\'ec5 of one type and also the com- 
parative tightness uf count erpi-inohed flush-riveted joints 
assembled vrith the .^ame types of rivet. Thirty-six 
specuners, prepared by an airplane mami.facturer, were 
tested in the present investigation. 



SPECTMET^IS 



Machine cou nter3ivrik > - iLa.ch me chine -countersiank 
specimen cor.sistod of tv;o sheets of 2iiC-T aluinimim alloy 
assembled in the form of a lap joint with tv\^o alimiiniim- 

aij.oy rivets; as shown In firure !• The i-inch-diamxeter 

rivets v;ere of A17S-T and the - — inch-diameter rivets, of 

k 

17S--T aluminum alloy. 

The particular corrimorcial flush-riveting procedure 
used corresponds to riveting method G of references 1 and 
2. The rivet hole in the upper sheet v;as machine- 
countersunk for a counter SLink-head rivet ^ as sho\m in 
figure 2(a). Drill sizes and angle of co^Jinter sink were 
not specified by the m.anuf acturer . A 7S^ countersunk- 
head rivet was inserted in the rivet hole, and the manu- 
factured head was driven with a vibrating gun while the 
shank end was bucked with a bar. 

The MCA flush-riveting procedure is riveting 
metho.d E of references 1 and 2o The NACA procedure 
involved the same preparation of the rivet hole as the 

commercial procedure, but a inch-diameter round-head 

c 

(AN1|50) rivet or 8 i-inch-diameter brazier-head (ANI156) 

/ 1 

-r 

rivet v;as inserted f-^v^m the back of the joint, and the 
manufactured head was driven with a vibrating gun v/hile 
the shank end was bucked into the countersunk hole with 
a bar, as sho\m in figure 2(b), The portion of the 
formed head that protruded above the skin surface was 
removed with a flush-privet milling tool similar to the 
one described in reference k. 

Counter punche d . - The counter punched specimens were 
of the same form as" the machine -counter sunk specimens, 
except for preparation of the rivet holes , The lower 
sheets were machine-countersunk and the upper sheets 
were coujiterpunched into the lower sheets as shown in 
figure 5. 

Remarks.-. In only one of the nine ~- inch-diameter 

ii 

rivet specimens assemJoled with either machine -counter sunk 
or counterpumched NACA flush rivets were the rivets 
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drj-ven sufficiently to fill the coimtersunk hole com- 
pletely. Figure a. shows the gaps around the incompletely 
driven heads of four repr esonta tix^e specimens. 



a? TEST PROCEDTJI^E 



Load wac applied to the specimens through Tem.plin 
grips v/ith a hydraulic testing machine accurate to within 
one-half of 1 percent. Elsplacements of one sheet 
relative to the other v/ere measured on the edges of the 
sheets at the rivet line oy means of tv^o l8-power optical 
micrometers. 3oth the displacement under load and the 
permanent displacemient remaining after remioval of load 
were measured for succersively increasing loads ^ontil 
failure occurred. 



RESTJLTS AND CCNCLUSIOIiS 



Typical specimens after failure are shown in 
figure 5. All the machine-countersunk specimens failed 
by shear of the rivets » The co^onter punched specimens 
failed either by tension failure of the upper sheet 
across the rivet line or by shear of the rivets, except 

for the •i-inch-diam.eter NACA co^jjiternunched rivet speci- 

k 

mens, which failed by tension of the rivets. The manu- 
factured brazier heads of the rivets sheared parallel to 
the axes of the rivets, probably because of the tensile 
load im.posed on the rivets by the tendency of the dimple 
in the upper sheet to ride up the side of the countersunk 
hole in the lower sheet. 

The results of the tests are presented in figures 6 
to 9 '"^^ curves of load plotted against displacement 
imder load and curves of load plotted against permanent 
displacement after removal of ioad. The specimien numi- 
bers on the curves are given in order to permit proper 
association of the curves of displacement under load v/ith 
the curves of permanent displacem.ent . From these curves 
the following conclusions may be drawn concerning the 
NACA flush rivets and the cor/imercial flush rivets of the 
type tested in the investigation; 



1, When a machine -coiantersiank O.Ol'.O- or 0,051-inch- 

thick sheet of 2iLS-T alumin-ori alloy was riveted to a 

0, 125-lnch-thick ^heefc V\^lth fj-lnch-dianieter rivets of 

G 

AI7S-T aluminum alloy, there appeared to he, within the 

normal scatter of data, no difference between the maximum 

strength or the tightness of the .joints as showTi by the tr 

load-displacement curve for NACA and commercial flush 

rivets. (See fig. 6.) 'Tnen a machine-countersunk ^ 

O.O8I- or 0.091-inch- thick sh.eet v;as riveted to a 

0. 125-inch-thick sheet with -—inch-diameter rivets of 

ij. 

17S-T aluminum alloy, the strength and tightness of the 
joints v\/ere somev/hat better for the NACA rivets than for 
the commercial rivets. (See fig. 7« ) 

2. \^;hen a counterpunched 0 . 0L|.0-inch-th.i ck sheet was 

riveted to a 0 . 125-inch- thick sheet with •^-inch-diameter 

8 

rivets of Aiys-T aluminum^ alloy, the average m.aximimi 
strength was higher and the average tightness was better 
for the NACA rivets than for the commercial rivets, 
although one KACA flush-rivet specimen failed at a con- 
siderably lov/er load than the other NACA rivet specimens 
in the group. (See fig. 8« ) I7hen a counterpunched . 
Oo 08l-inch- thick sheet was riveted to a 0 . l25-.inch-thick 

sheet v/ith i-inch-diameter rivets of 17S-T aluruinum 

h 

alloy, the IaACA rivets v;ere slightly stronger and tighter 
at higher loads than the commercial rivets. (See fig. 9») 

5. Both the commercial and the NACA counterpunched 
flush-rivet specimens had higher ultimate loads than the 
m.achine -countersunk specim.ens of corresponding sheet 
thickness - approximately 60 percent higher for the 

i- inch-diameter rivet specimens and 58 percent higher 
o 

for the i-inch-diam.eter rivot specimens. 

h 



Langley Memorial Aeronautical Laboratory, 

National Advisory Committee for Aeronautics, 
Langley Field, Va, 



5 



REP2REFCES 



1. Tyurdqulst, xCiigene E., and CTOttlieb^ Robert: A Study 

of the TlghtnesG and Flushness of Machine - 
Countersunk Rivets for Aircraft, MCA R.B., 
Ji^ne 1914.2 . 

2. r^ottlieb, Robert? Effect of Countersunk Depth on 

the Tightness of Two Types of" J&chlne -Counters unk 
Rivet. TIACA R.B., Oct* 19i;-2 . 

5. r^ottlieb, Robert: Test Data on the Shear Strength 
of Fachine-Coimtersunk Riveted Joints Assembled 
by an NACA Flush-Ri veting procedure. NACA R.B., 
Dec. 19i;2. 

^rottlieb, Robert, and Mandel, I'^erven *7. : An 
In-proved ^lush-^Rivet Fillinp; Tool. IvACA R.B. 
No* 5El8^ Fay lQi;5 • 



> 
> 




0.IE5 inch 



I 



I 



2.^ 



^ -;:3- 



J5. 

16 



0.125 inch 



(a) i - inch-diometer rivet specimen. (b) ^ -inch -diameter rivet spocimen. 

Rgure I. -Test specimens. 
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(a) Commercial flush rivet. 
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(b) NACA flush rivet. 



Figure Machine -countersunk flush-riveted joints. 
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(a) Connmercial flush rivet. (b) NACA flush rivet. 

Figure 3.'^Counterpunched flush-riveted joints. 
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Fig. 5 




(a) Specimen with NACA machine-countersunk rivets showing 
shear failure of rivets. 




(b) Specimen with commercial c ounter punched rivets showing 
tension failure of sheet. 




(c) Specimen with commercial c ounterpunched rivets showing 
shear failure of rivets. 




(d) Specimen with NACA c ounterpunched rivets showing tension 
failure of rivets (shear failure of manufactured 
braz ie r heads ) . 



Figure 5.- Typical-^^ — inch-diameter rivet specimens after 
failure. ^ 
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Figure 6. ~ Load -displacement curves for commercial and NACA 
machine -countersunk flush-rivet specimens ,d=gf in, 
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Displacement under load, in. Permanent displocement, in. 

Figure 7. ~ Load -displacement curves for commercial and NACA 
machine -countersunk flush -rivet specimens , d =2: in. 
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Figure 8.~ Locd-displacennent curves for commercial and NACA 
counterpunched flush -rivet specimens , d=^ in. 
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Figure 9. ~ Load - displacement curves for commercial and NACA 
counter punched flush- rivet specimens ,d=^in. 



